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Technology Focus: Data Acquisition
Hidden Identification on Parts: Magnetic Machine-Readable
Matrix Symbols
These symbols could be read even when covered with paint.
Marshall Space Flight Center, Alabama
Have you ever seen a piece of space-
flight hardware? When you do, you will
notice some letters and numbers etched
or inscribed on it.  All NASA parts have
identification, usually expressed in terms
of part number, serial number, and the
like.  In most cases, this identification is
permanently marked directly on the part
for tracking throughout its life cycle. The
recently approved NASA Technical Stan-
dard 6002 and Handbook 6003 (found at
http://standards.nasa.gov) added the ma-
trix symbol to the identification scheme
as shown in Figure 1. This put a checker-
board bar code on the part so that an op-
tical scanner could read it.  The intent
was to make tracking parts as easy as
checking out at the grocery store.   The
system works well as long as the matrix
symbol is visible.
But what if the matrix symbol identi-
fication gets covered with paint or a
similar coating? NASA has developed a
method for reading the matrix symbol
through up to 15 mils (25 μm) of paint
(5 or 6 layers). This method of part
identification involves coating selected
patches on the objects with magnetic
materials in matrix symbol patterns
and reading the patterns by use of mag-
neto-optical imaging equipment. The
hand-held magnetic scanner, shown in
Figure 2, is easy to use and is commer-
cially available through a NASA li-
censee. It decodes the matrix symbol
just like any other scanner.  The mag-
netic marks can be read under condi-
tions that would render optical meth-
ods useless. For example, the magnetic
scanner can read magnetic marks in
the dark or under bright ambient light
that might interfere with optical read-
ing of visible marks, symbols that are
obscured by discoloration or contami-
nation, in addition to symbols that are
covered by paint. Furthermore, inas-
much as magnetic marks can be hid-
den from unaided view, they are less
likely to be deliberately damaged or de-
stroyed. They can even be hidden de-
liberately for security reasons.
Magnetic material can be applied as
viscous ink or paste and even can beFigure 1. A Space Shuttle Component shows matrix symbol identification markings.
Figure 2. This Hand-Held Scanner would contain all the equipment (except a source of electric power) needed to read and decode magnetic matrix symbols.
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mixed with spray paint. The magnetic
material should be one of high retentiv-
ity and high coercivity. The matrix sym-
bol pattern can be defined by use of a
stencil, or recesses to hold the magnetic
material in the matrix symbol pattern
can be formed by laser engraving, ma-
chine engraving, micro-abrasive blast-
ing, laser etching, or any other suitable
marking method. If the magnetic mate-
rial as applied is not magnetized
strongly enough to enable reliable de-
tection over time, it can be magnetized
again by use of a permanent magnet or
electromagnet.
Bar codes were seldom seen before
1975 but are now common in every com-
mercial outlet.  They are on tags and la-
bels of virtually every product.  Likewise,
direct part marking is now being popular-
ized for tracking things that cannot be la-
beled.  NASA tracks parts using direct part
marking.  The Department of Defense re-
vised MIL STD 130 to include matrix sym-
bols for direct part marking, and the auto-
motive industry now complies with its
B-17 specification for application of ma-
trix symbols on many automobile parts.
Now all those little marks that get covered
with paint, whether they are on your auto-
mobile, jet fighter, weapon, or space shut-
tle, can be read with ease. 
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System for Processing Coded OFDM Under Doppler and Fading
Advanced techniques would help to realize the anti-fading potential of OFDM.
NASA’s Jet Propulsion Laboratory, Pasadena, California
An advanced communication system
has been proposed for transmitting and
receiving coded digital data conveyed as a
form of quadrature amplitude modula-
tion (QAM) on orthogonal frequency-divi-
sion multiplexing (OFDM) signals in the
presence of such adverse propagation-
channel effects as large dynamic Doppler
shifts and frequency-selective multipath
fading. Such adverse channel effects are
typical of data communications between
mobile units or between mobile and sta-
tionary units (e.g., telemetric transmis-
sions from aircraft to ground stations).
The proposed system incorporates novel
signal processing techniques intended to
reduce the losses associated with adverse
channel effects while maintaining compat-
ibility with the high-speed physical layer
specifications defined for wireless local-
area networks (LANs) as the standard
802.11a of the Institute of Electrical and
Electronics Engineers (IEEE 802.11a).
OFDM is a multi-carrier modulation
technique that is widely used for wireless
transmission of data in LANs and in met-
ropolitan area networks (MANs). OFDM
has been adopted in IEEE 802.11a and
some other industry standards because it
affords robust performance under fre-
quency-selective fading. However, its in-
trinsic frequency-diversity feature is
highly sensitive to synchronization er-
rors; this sensitivity poses a challenge to
preserve coherence between the compo-
nent subcarriers of an OFDM system in
order to avoid intercarrier interference
in the presence of large dynamic
Doppler shifts as well as frequency-selec-
tive fading. As a result, heretofore, the
use of OFDM has been limited primarily
to applications involving small or zero
Doppler shifts. The proposed system in-
cludes a digital coherent OFDM com-
munication system that would utilize en-
hanced 802.1la-compatible signal-processing
algorithms to overcome effects of fre-
quency-selective fading and large dy-
namic Doppler shifts. The overall trans-
ceiver design would implement a
two-frequency-channel architecture (see
figure) that would afford frequency di-
versity for reducing the adverse effects of
multipath fading. By using parallel con-
catenated convolutional codes (also
known as Turbo codes) across the dual-
channel and advanced OFDM signal pro-
cessing within each channel, the pro-
posed system is intended to achieve at
least an order of magnitude improve-
ment in received signal-to-noise ratio
under adverse channel effects while pre-
serving spectral efficiency.
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A Two-Frequency-Channel, Cross-Coded OFDM System would contain the proposed signal-processing system, parts of which would reside in both trans-
mitting and receiving subsystems.
